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centroid coordinates and the detected location was larger 
than 2.7mm in plane and 3mm in slice direction. 
 
Results: Table1 shows the average AUC values for the model 
results of all patients using a single sequence and when 
combined. The combined model (AUC=0.94) performs 
significantly better than the best imaging sequence alone 
(T1-THRIVE AUC=0.84). Without post-processing the model 
correctly identifies 80/86 markers but with a total of 98 FP. 
After post-processing, we reduced the FP to a total of 20 but 
the true positives (TP) were also reduced to 66. Figure 1 
shows the model pipeline. Deviations between the reference 
and the correctly identified marker location are < 1mm. 
 
Conclusion: The standard mp-MRI provides valuable 
information to detect fiducial markers. The combination of 
different sequences is more accurate than the use of a single 
sequence. The number of TP after processing needs to be 
further addressed but the overall findings support the 
feasibility of automatic marker detection in an MR-only 
workflow.  
[1] Lindeberg et al, IJCV 1998 
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Purpose or Objective: Irregular breathing motion has a 
deleterious impact on thoracic and abdominal four-
dimensional computed tomography (4DCT) image quality. 
Two pathways to overcome this problem are: (i) improving 
the regularity of breathing motion using the audiovisual 
biofeedback (AVB) breathing guidance system, and (ii) 
prospectively respiratory gating the 4DCT scan based on real-
time respiratory motion. Until now, the effects of these 
technologies on 4DCT imaging have not been directly 
compared. The purpose of this study was to compare the 
impact of AVB and respiratory gating on thoracic 4DCT image 
quality and acquisition time using a deformable digital 
phantom driven by lung cancer patient breathing patterns 
 
Material and Methods: We obtained simultaneous 
measurements of chest, abdominal, diaphragm, and tumor 
motion for 6 lung cancer patients with tumor motion > 5 mm. 
Breathing signals were acquired under two breathing 
conditions: (1) AVB, and (2) free breathing. For each 
breathing condition, we used the 4D eXtended Cardiac Torso 
(XCAT) to simulate 4DCT acquisitions in the cine and 
respiratory gated mode. For each combination of breathing 
condition and acquisition mode, 4DCT image quality was 
quantified terms of Dice similarity coefficient between 
reconstructed and ground truth lung and tumor volumes 
(DSC(lung) and DSC(tumor), respectively), in addition to an 
automated method of artefact detection (utilizing normalized 
cross coefficient (NCC)). 4DCT acquisition times were also 
compared for each breathing condition and acquisition mode 
 
Results: In cine mode, AVB improved DSCl(ung) and 
DSC(tumor) by 0.3% (p = 0.005) and 0.3% (p < 0.001), 
respectively, and improved NCC by 11% (p = 0.002). In 
respiratory-gated mode, AVB did not have a significant 
impact on image quality. AVB increased the acquisition 
length of cine mode 4DCT by an average of 4 seconds, but 
reduced the length of respiratory gated acquisitions by 10 
seconds. Respiratory gating improved image quality over cine 
mode irrespective of the breathing condition. Utilizing both 
AVB and respiratory gating together garners the greatest 
improvement in DSC(lung), DSC(tumor), and NCC values over 
conventional free breathing in cine mode by 0.9% (p < 0.001), 
1.5% (p = 0.25), and 18.5% (p < 0.001), respectively 
 
 
 
Conclusion: This was the first study to directly compare the 
impact of breathing guidance and respiratory gating on 4DCT 
acquisition. We observed that AVB significantly improves the 
quality of 4DCT images in cine mode over free breathing, but 
can also reduce the amount of time needed to acquire a 
respiratory gated 4DCT scan. The results presented here 
demonstrate that AVB and respiratory-gating can both be 
beneficial pathways to improve 4DCT simulation for cancer 
radiation therapy, but the biggest gains are achieved when 
using these technologies simultaneously 
 
Proffered Papers: Physics 4: Inter-fraction motion 
management I  
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Purpose or Objective: The focus of this work is the 
development of a novel blade collimation system enabling 
volume-of-interest (VOI) CBCT using the kV source on a 
TrueBeam linear accelerator. Advantages of the system are 
assessed, particularly with regard to reduction and 
localization of dose, as well as improvement of image 
quality. 
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Material and Methods: A four-blade dynamic kV collimator 
was developed to track a VOI during CBCT acquisition. The 
system is controlled using a Raspberry Pi computer placed 
within the linac gantry. The current prototype is capable of 
tracking an arbitrary volume defined by the treatment 
planner for subsequent CBCT guidance. During gantry 
rotation, the collimator tracks the VOI with adjustment of 
position and dimension. CBCT image quality was investigated 
as a function of collimator dimension, while maintaining the 
same dose to the VOI, for a 20 cm diameter cylindrical water 
phantom with a 9 mm diameter bone insert centered on 
isocenter. Dose distributions for various anatomical sites 
were modeled using a dynamic BEAMnrc library and 
DOSXYZnrc. The resulting VOI dose distributions were 
compared to full-field distributions to quantify dose 
reduction and localization to the target volume. X-ray tube 
current modulation was investigated in combination with the 
VOI approach, using digitally reconstructed radiographs to 
estimate tube pulse width for each CBCT projection. The 
technique was evaluated in Developer Mode on the linear 
accelerator. 
 
Results: Measurements show contrast increase by a factor of 
1.3 and noise reduction by a factor of 1.7, for VOI CBCT, and 
thus an increase in contrast-to-noise ratio (CNR) by a factor 
of approximately 2.2. Depending upon the anatomical site, 
dose was reduced to 15%–80% of the full field value along the 
central axis plane and down to less than 1% along the axial 
planes. The use of tube current modulation allowed for 
specification of a desired signal-to-noise ratio within 
projection data. For approximately the same dose to the VOI, 
CNR was increased by a factor of 1.2 for tube current-
modulated compared to unmodulated VOI CBCT. 
 
 
 
Conclusion: The VOI CBCT approach allows imaging of a 
planner-defined volume, offering both image quality 
improvement and reduction of imaging dose for the patient. 
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Purpose or Objective: Stereotactic Radiosurgery (SRS) has 
emerged as a treatment of choice for many cancer patients 
with brain metastasis. Most institutes use linac-based 
irradiations with multiple days between imaging and 
irradiation and a subset of patients is treated with 
fractionated SRS. So far, the geometrical uncertainties 
induced by such time intervals have not yet been quantified. 
Therefore, we investigated the growth rates of different 
tumour entities, the effect of oedema and the use of steroids 
on possible tumour shifts to estimate the effect on the 
tumour dose. 
 
Material and Methods: Thirty-six patients were included, 
equally divided over lung-, breast- and melanoma cancer 
patients. Patients receiving systemic cytotoxic treatment 3 
months prior to the diagnostic MRI were excluded, except for 
breast cancer patients on hormonal therapy that started 
more than 6 months prior to the diagnostic MRI. All patients 
had undergone a diagnostic and a radiotherapy planning MRI 
of which the T1w+contrast sequences were registered with 
the planning CT scan for target definition on both scans. 
Consensus was reached for all delineations by two radiation 
oncologists. The median time between the two MRI scans was 
18 days (range 6-54). For all tumour delineations, the 
volume, radius (assuming spherical tumours) and Centre of 
Mass (CoM) were calculated. Growth rates were determined 
from volumetric or radial increase per day between the MRI 
scans. CoM differences between scans served as a measure 
for tumour shifts that can be caused by oedema (-clearance) 
and/ or anisotropic growth. Oedema was scored only if an 
experienced radiologist diagnosed peritumoural oedema on 
the diagnostic MRI. 
 
 
Results: Table 1 shows the results for tumour growth and 
tumour shifts. The highest growth rate in radial increase is 
seen in large melanoma tumours (0.07 mm/day (SD 0.02) , 
p=<0.01). Large heterogeneities in growth rate are seen in 
tumours of both small and large brain metastasis of lung 
cancer patients (small: mean=7%/day, SD=10%, range=0%-
26%, large: mean=3 %/day, SD=6%, range=-1%-15%). In this 
lung group, three patients showed shrinkage; all three 
started steroids after diagnostic MRI. Large tumour shifts 
(mean=1.7 mm) and variability (SD=1.0 mm) were observed in 
the patient group with oedema receiving steroids (whereby 
the growth rate of tumours in these patients was not 
different).  
